Abstract
Introduction
Faba bean (Vicia faba L.) is one of the oldest crops and ranks the sixth in production among the different legumes grown in the world after soybean, peanut, beans, peas, and chickpeas. Faba bean is popular legume food with high yield capacity and high nutritional value. It is widely used in the Mediterranean region as source of protein in both human and animal nutrition. It is a popular breakfast food and also used as vegetable green or fresh canned. In Algeria, faba bean is one of the most important pulse crop cultivated due to the richness of seed protein content. Also, The most important organic components of faba bean seeds are proteins 20-41% of seed dry matter, carbohydrates (51-68% ), 12% fiber, 1.2-4% lipids vitamins and minerals [1] . Due to its chemical composition, fava bean is a suitable food for diabetics and may help prevent heart disease and reduce levels of blood glucose vitamins and minerals [2] . The major producer countries include China, Indonesia, India, Turkey, Egypt, Spain, France and Algeria. Broad beans is grown on 12,000 ha areas in Algeria, with a production of 60,787 tons in 2013 [3] . Due to their seasonal and perishable nature, broad beans must be subjected to some form of preservation such as canning, freezing, or cold storage in order to make them available for later consumption [4] . Drying is practiced to enhance the storage life, to minimize losses during storage, and to reduce transportation costs of agricultural products [5] . Solar drying of agricultural products is one of the most important potential applications in the Algerian Sahara. Farmers and citizens dry crops particularly menthe, tomato, abricots, and broad beans. Traditional open sun drying is practiced on a large scale in Ouargla regions where the agriculture suffers from high product losses due to inadequate drying, fungal growth, encroachment of insects, birds and rodents, etc. The problems associated with open-air drying can be solved through the use of a solar dryer which can reduce crop losses and improve the quality of dried product significantly compared to traditional drying method. Solar dryers used in agriculture for food and crop drying are used for industrial drying processes. They can be proved to be a very useful device from the energy conservation point of view. Such a process not only saves energy but also saves a lot of time, occupies less area, improves quality of the product, makes the process more efficient, and also protects the environment [6] . A research group in the laboratory of renewable energy in aride zones (LENREZA) at Ouargla University, Algeria, worked in this field of solar drying. Two types of solar dryer: indirect hybrid solar dryer and direct active solar dryer have been constructed and tested in Ouargla climatic conditions. In the direct solar dryer the product to be dried receives energy from both direct exposure to solar radiation; also the product being dried is protected from rain, insects, and dust. They found the product to have high-quality in terms of flavor, color, and texture. In all cases, the use of a direct convective solar dryer considerably reduces drying time in comparison to open-sun drying. The Passive solar dryers have the advantage of cheap, easy construction from locally available materials and do not require any other energy during operation. Their major drawbacks are the decrease drying rates, important drying time and the very high internal temperature with the likelihood of overheating the product [7, 8] . Various drying techniques are employed to dry different food products. Each technique has its own advantages and limitations. Choosing the right drying techniques is thus important in the process of drying of the perishable products. To reduce its dependence on solar radiation for operation and to improve the quality of drying many studies on drying of fruits and vegetables using solar dryers with different sizes and designs exist in literature [9] . We can refer to some works such as on drying of potato [10] , green pepper, green bean and squash [11] , apricot [12] , pistachio, and other products. However, studies on drying of broad beans are scarce. Therefore, the analyze of chemical composition and improving of production were experimentally investigated [13] [14] [15] [16] . No information is available on the drying behavior of broad beans in the open literature. Therefore the main objectives of this study are to investigate the valorization by drying of broad beans for both direct and indirect solar drying conditions, and to study the thin layer drying modeling of broad beans.
Materials and Methods
Fresh local broad beans (Faba vicia l) were bought at local market in Ouargla, Algeria. They were singled out one by one using a visual criterion like color, size, absence of physical damage and uniform maturation degree. Dry pods were removed manually by visual inspection. The broad beans pods were then shelled manually.
Description of the Drying System
Two different solar driers were used in this study (Fig. 1 a, b) . They are both laboratory scale prototypes, suitable for the agroalimentary products, designed and assembled by the energy conversion research unit at LENREZA laboratory, University of Ouargla, Algeria. The direct forced convective dryer ( fig. 1a) consists mainly of a drying room and a chimney. The indirect forced convective drier system ( fig. 1b) is composed of solar collector with simple circulation inclined by 31°C (Ouargla city altitude, Algeria). Air circulation and air exit are aspired by a fan (trade mark KFA-30 A; at a speed of 1400 rotation /mn).
Moisture Measurements
Moisture was determined with a kern moisture analyzer operating at the following conditions: sample weight (45g), analysis temperature (105°C). The device stops automatically once weight of dehydrated sample is constant. Moisture content is expressed as a percentage value. Three measurements were taken, and the mean value of relative moisture is 2.2 % ± 0.1 in dried base. During the experiments, broad beans were dried to the final moisture content of 0.13 kg water / kg dry matter [17] 
Experimental Procedure and Measures
Prior to each experiment, the product samples were weighed with a pricision of 0.01 g then reweighed at equal time intervals. So the check in was done each 60 minutes. The desired final moisture content were defined as the standard moisture ensuring a suitable storage of the vegetable product wich is about 0.13 kg water/kg dry matter [4] . The experiment is stopped when the desired final water content is reached.
Mathematical Modeling of Drying Kinetics
Experimental results of moisture ratio versus drying time were adapted to the theoretical semi models most significant, largely widespread in the process of drying. The report/ratio of moisture (MR) and the drying rate of broad beans during the experiments of drying were calculated using the following equations: [18, 19] 
Data Analysis
The coefficient of determination (R 
XR (t) = A exp. (−k t) + (1-A) exp. (− kbt)
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Two terms exponential
Sharef eldeen et al (1980) 12 Figure 2 presents the variation in the moisture content as a function of time in the types of driers direct and indirect, it is clear that the moisture content decrease continuously with drying time, the type of solar dryer affected drying time and product quality. The drying time taken to reduce moisture content from 2.2±0.1 kg water/kg dm to final moisture of 0.13±0.1 kg water/kg dm was 5h for the direct solar dryer and 8h for the indirect one. Obtained experimental results proved the importance of the direct process in the valorization of the product compared to the indirect one. In reference to available literature, it is also evident that both the two tested methods are more efficient than the sun drying method traditionally adopted by farmers.
XR (t) = A1exp (-kt n ) + A2 t Midilli et autres Diamante and murno (1991)
Results and Discussion
Drying behavior as influenced by the dryer type
Fig. 2 Moisture content evolution versus time
Suitable Model for Describing Drying Process
Models and Statistical Criteria
By using of Curve-Expert software, it was noted that the values of the three used statistical criteria (standard error (S), coeff. Correlation (r), and Chi Square) appear very similar, making it difficult to distinguish between 12 models. According to the calculation results we saw that for the Page model, the minimum value of the standard error S= 0.000819, the correlation coefficient R corresponds to a large value R = 0.999848, with a minimum value of Chi square = 0.010008 so the empirical page model describes solar drying of broad beans
Expression of the Page Model Parameters as a function of Temperature
The following results were obtained by curve fitting using the curve-Expert1. 
Conclusion
In this study, post harvest treatment of broad beans, by hot air direct and indirect solar drying means, is presented. Based on the experimental results reported herein, the following conclusions can be made. Solar drying has allowed us to minimize post-harvest losses, and preserve the final quality of the dried product, especially when the search aims the conservation for a long term. Experimental results showed that broad beans dried in direct solar drier had shorter drying time than other dried in indirect convective solar dryer. The semi theoretical models, namely, Page model was used to describe the drying kinetics of broad beans with a satisfactory correlation. An empirical equation, with temperature dependent parameters, was successfully adopted. The most adaptable solar dryer for drying of the broad beans is the direct solar dryer. Although this adaptation depends on technoeconomic parameters and social considerations. The criteria for energy consumption and profit on the cost led to place the direct solar dryer as more efficient and more profitable economically.
